We employ Monte Carlo simulations in order to investigate critical behavior of a geometrically frustrated spin-1 Ising antiferromagnet on a triangular lattice in the presence of a single-ion anisotropy. It has been previously found that long-range order can exist in the isotropic system with a spin larger than some critical value estimated as 11/2. We show that the presence of the single-ion anisotropy can lead to a partial long-range order in the low-temperature region even below this critical value, namely for the spin 1, within a certain range of the anisotropy strength.
I. INTRODUCTION
The triangular lattice Ising antiferromagnet (TLIA) with the spin 1/2 is well known to display no long-range ordering down to zero temperature [1] where the spin-correlation function decays as power-law [2] . On the other hand, in the ground state a long-range order with the partially ordered structure, characterized by two sublattices of opposite magnetizations and one sublattice of zero magnetization, can occur if the spin is larger than some critical value [3] [4] [5] . The upper bound of this critical value was estimated by the use of Peierls' argument [3] as 62 and the precise value was established by Monte Carlo simulations [4] as 11/2.
The emergence of the long-range order was argued to arise as a result of a drastic change in the ground-state degeneracy as well as some other physical quantities of this frustrated spin system with the increasing spin magnitude. Nevertheless, the large degeneracy can be lifted by some perturbations, such as an external magnetic field [6] [7] [8] or selective dilution [9, 10] , which have been shown to lead to long-range ordering even in the highly frustrated spin-1/2 system. For Ising models with spin larger that 1/2 a single-ion anisotropy is another parameter that may play a crucial role in their critical properties (see, e.g., [11] [12] [13] ).
In the present paper we show that this is also the case for the current model and demonstrate how the inclusion of the single-ion anisotropy can change the above scenario. We show that even a small amount of the single-ion anisotropy leads to a partially ordered phase at low temperatures, while different critical phase of the Berezinsky-Kosterlitz-Thouless (BKT) type [14] , characterized by a power-law decay of the spin correlation function, persists at higher temperatures.
II. SIMULATION DETAILS
We consider the Ising model described by the Hamiltonian
where S i = ±1, 0 is an Ising spin on the ith lattice site, i, j denotes the sum over nearest neighbors, J < 0 is the antiferromagnetic exchange interaction parameter, and D is the single-ion anisotropy parameter.
We perform standard Monte Carlo (MC) simulations following the Metropolis dynamics. We calculate the following quantities. The sublattice magnetization of the sublattice X (X=A,B and C) is obtained as M X = i∈X S i . Then, for an antiferromagnet, as an order parameter it is useful to define the staggered magnetization per site as
where · · · denotes thermal average. Further, from fluctuations of the above quantities we define the specific heat per site c as
and the staggered susceptibility per site χ s as
In the ground state the spin-correlation function of the TLIA model decays as a power
where the exponent η has been shown to decrease with the spin value from η = 1/2 for spin-1/2 to zero for spin larger than 11/2, for which antiferromagnetic long-range order occurs [3, 4] . The value of η can be estimated by FSS of the order parameter m s , which scales as [15] 
2 or the quantity [3, 4] 
which scales as However, for D < 3J/2 the energy becomes positive and therefore the non-magnetic state with all spins taking zero value is the ground state. Therefore, the partial long-range order can only be expected within 3J/2 < D < 0.
In order to confront the behavior of the system with no single-ion anisotropy, which is expected to show only the BKT phase transition [4] , with the long-range order behavior predicted to appear within the range 3J/2 < D < 0, in Fig. 1 (Fig. 1(c) ). The anomalies in the staggered magnetization and the internal energy are reflected in the corresponding number of peaks in the staggered susceptibility and the specific heat, shown in Figs. 1(d) and 1(e), respectively.
The above anomalies in the thermodynamic quantities suggest occurrence of transitions between different phases. To identify the respective phases, we employ FSS analyses of the order parameter m s and the quantity Y , defined by the relations (6) and (8), respectively.
Temperature variation of the scaling exponent η is presented in Fig. 2 . The value of η = 0, observed for D/|J| = −1, means that the system displays at sufficiently low temperatures (below k B T /|J| ≈ 0.35) long-range order [3, 4] . On the other hand, for D/|J| = 0, the value of η remains finite and in the low temperature region levels off at the value of η ≈ 0.317, in agreement with the previous ground-state investigations [3, 5] .
Finally, we found it interesting to look into the system's behavior also at microscopic level.
More specifically, we studied the snapshots of spin configurations at different temperatures both visually and quantitatively. For the latter we introduced the quantity, which we termed density of local patterns n i , which is defined as a relative number of different spin patterns 
